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ABSEWCT 

A b r i e f  summary of recent major observations of magnetospheric 

boundary phenomena i s  provided w i t h  emphasis on Explorers I2 and 1 4  

and IYP 1 measurements of charged p a r t i c l e s  and of magnetic f i e l d s  

i n  t h e  sunward magnetopause region and within t h e  t a i l  of t h e  

magnetosphere i n  t h e  an t i - so la r  d i rec t ion .  Major observations of 

charged p a r t i c l e s  i n  these regions a r e  summarized i n  several  , 
equator ia l  s p a t i a l  d i s t r i b u t i o n  diagrams. 
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I. IK90DUCTIOE 

- .. From e a r l y  observations of auroras /Stormer, 19527 and of - 
cometary t a i l s  /%emarm, 1951, 19577 the  e a r t h  was thought t o  be 

imersed  i n  a plasma streaming r a d i a l l y  outward from t h e  sun. 

basis of observations of comettiry t a i l s  and of the  s o l a r  corona a 

hydrodynamic model of the  so la r  corona was developed /Parker, 19587 

which l a t e r  proved t o  be i n  remarkable agreemknt with d i r e c t  measure- 

ments /Snyder, Reugebauer, and Rao, 19627 of the  so la r  corpuscAar 

rad ia t ion ,  or s o l a r  wind. The advent of t h e  a r t i f i c i a l  e a r t h  s a t e l l i t e  

and t h e  in te rp lane tary  probe provided i n  s i t u  measurements of t h e  

environment of the  ear th  i n  the  interplanetary mediurn: a continual 

s o l a r  plasma directed r a d i a l l y  outward from the  sun with a bulk 

- - 

On the  

- 

- 

-- 

v e l o c i t y  of 300-600 km (see)-' (corresponding proton k i n e t i c  energy 

of - 1 keV), a dens i ty  of - 1 t o  20 protons ( . c z ) - ~ ,  azd a c h a r a c t e r i s t i c  

temperature of - 10 5 6  -10 OK /Snyder e t  a l . ,  1963; Bridge e t  a l . ,  19627, - 
threaded by a weak in te rp lane tary  f i e l d  of - 57 (ly = 

forming a general  Archimedean s p i r a l  s t r u c t u r e  s t re tch ing  outward from t h e  

sun /gess and Wilcox, 19657. 

i s  impeded by the  presence of t h e  e a r t h ' s  magnetic f i e l d .  

of t h e  so la r  plasma with the  geomagnetic f i e l d  i s  presumed t o  be d i r e c t l y  

re la ted,  f o r  example, with t h e  auroras, t h e  geomagnetic storm, and t h e  

energe t ic  charged p a r t i c l e s  of t h e  e a r t h ' s  r a d i a t i o n  zones. The so lar  

gauss) 

The motion of t h e  so la r  wind p a s t  t h e  e a r t h  - - 
This i n t e r a c t i o n  
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wind confines the earth's magnetic field to a cavity, or magnetosphere, 

which is terminated in the solar direction at - 10 5 (RE = earth radius) 

geocentric radial distance /?ahill and Amazeen, 1963; Ness et al., 1964-7 

and is drawn into a magnetic tail extending beyond 30 

direction Liess, 19657 as suggested qualitatively by earlier theoretical 

models - bf. Piddington, 1959, 1960; Johnson, 1963; &ford and Hines, 

19617. - 

interplanetary medium can proceed at only a fraction (- l / 5 )  of the bulk 

- 
in the antisolar 

- 

Since the propagation of disturbances' (Alfvgn waves) in the 

velocity of the solar plasma, a collisionless magnetohydrodynamic shock 

should develop on the sunward side of the magcetosphere /cf. Axford, 

1962; Kellogg, 19627 ,and has been directly observed n e s s  et al., 

1964; Freenan, 1964; Bridge et a1 ., 19627. 
particles near and in the outer magnetosphere have revealed reservoirs 

- 

- - 
Measuremezts of charged 

of charged particles ezerglzed 5y 'loca;' acceler&'bi.cn iriechanisms 

driven by the solar wind, for exam2le in the transition region between 

the shock wave and the sunward magnetospheric boundary and also in the 

tail of the magnetosphere, which are indicative of charged particle 

sources for auroral phenomena. The energy flux sup2lied by the solar 

wicd to the area of the magnetosphere projected toward the sun and 

available to drive magnetospheric and upper atmospheric phenornena is 

- lo2' ergs (see)-', and is sufficient for supplying the average 

corpuscular energy flux - 10l8 ergs (see)-' precipitated into the earth's 



4 

q p e r  atmosphere a t  aurora l  l a t i t u d e s  fif. O'Brien, 1964; Frank and 

Van Allen, 1964a7. - I n  t h e  following presenta t ion  t h e  major r e s u l t s  

of an already subs t an t i a l  and in t e re s t ing  co l lec t ion  of experimental 

da ta  concerning phenomena i n  the  e a r t h ' s  outer magnetosphere (a  com- 

plex and var iab le  s t ruc tu re  with a volume of a t  l e a s t  10 R,3) and its 

- 

immediate v i c i n i t y  w i l l  be discussed. 
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11. COORDIKATE SYSTMS 

A coordinate system f o r  t h e  descr ipt ion of t h e  geomagnetic f i e l d  

d i r e c t i o n  and magnitude and the s p a t i a l  and angular d i s t r i b u t i o n s  of 

charged p a r t i c l e s  within t h e  magnetosphere i s  necessary f o r  t h e  under- 

standing and concise summary of experimental d a t a .  

extremely useful  coordinates f o r  the summary and ana lys i s  of charged 

p a r t i c l e  d i s t r i b u t i o n s  i n  t h e  magnetosphere &e t h e  familiar B and L 

coordinates ficIlwain,  19617 based upon t h e  adiabat ic  i m a r i a n t s  of 

charged p a r t i c l e  motion i n  a magnetic f i e l d  and xeasurements of the  

geomagnetic f i e l d  a t  t h e  surface of t h e  e a r t h .  This  coordinate system 

provides a two-dimensional map of a three-dimensional spa-cisl d i s -  

t r i b u t i o n  of charged p a r t i c l e s  and temporal changes and longitude 

Examples of 

- - 

nosdegexeracies, f o r  example, i n  the B-L map can be in te rpre ted  i n  

teLyLs of t h e  v i o l a t l o s  cf t h e  r-l iakatic i l lvariants ax6 of s o u c e s  and 

s inks of charged p a r t i c l e s .  Since t h e  flow of so la r  plasma per turbs  

t h e  d i s t a n t  geomagnetic f i e l d  so t h a t  an extrapolatior,  of the  surface 

measurements of t h e  geomagnetic f i e l d  (assuming v x B = 0 everywhere 
--t 

externa l  t o  t h e  e a r t h ' s  surface)  becomes inaccurate it i s  t o  be expected 

t h a t  t h i s  surface-derived B and L coordinate system becomes inval id  f o r  

t h e  organization of p a r t i c l e  i n t e n s i t i e s  i n  t h e  d i s t a n t  magnetosphere. 

,This s i t u a t i o n  a l s o  becomes more acute as predorriinant magnetic control  

of t h e  motion of t h e  charged p a r t i c l e  i s  subdued i n  t h e  d i s t a n t  magneto- 
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sphere by e l e c t r i c  d r i f t s ,  by rapid r a d i a l  diffusion,  and by l o s s  and 

source mechanisms ef fec t ive  i n  periods l e s s  than a longi tudinal  d r i f t  

per iod.  

introduced Lzf. Hones, 1963; Mead, 19647 and t h e  motions of charged 

p a r t i c l e s  i n  these models f i a l v i l l e ,  1960; F a i r f i e l d ,  19647 a r e  

studied by u t i l i z i n g  t h e  

f o r  example, the  e f f e c t s  of gradient d r i f t s  from e l e c t r i c  d r i f t s  b o n e s ,  

1963; Taylor and Hones, 1965; Taylor, 19657. 

of t h e  observed geomagnetic f i e l d  from t h e  f i e l d  as derived from a 

geomagnetic p o t e n t i a l  based upon surface measurements begins a t  6 t o  

Real i s t ic  models of t h e  dis tor ted geomagnetic f i e l d  have been 

- 

- 
adiabatic invar ian ts  i n  order t o  separate,  

- 
Signi f icant  per turbat ion - 

7 % i n  t h e  magnetic ,equatorial  plane / F a h i l l  and Arazeen, 1963; - 
Ness e t  a l . ,  19627. 

f i e l d  by the  so la r  wind beyond I, 

measurenents of energet ic  e lectrocs  E - 1 .5  r\ileV by showing thz t  ( a )  a 

nondegeneracy of i n t e n s i t i e s  a t  a given I, as a funct ion of l o c a l  time 

/Frank, 1965737 and ( b )  an asymmetry i n  observed omnidirectional 

i n t e n s i t i e s  about the  magnetic equator p r a n k ,  1965a7 e x i s t  when the  

surface-derived geomagnetic f i e l d  i s  used f o r  t h e  determination of B 

and L of the  pos i t ions  of t h e  observations. Since t h e  so la r  wind i s  

responsible f o r  t h e  formation of the magnetosphere ( t e r r e s t r i a l  ring 

curren ts ,  closed or open, and current sheets  w i l l  a l so  per turb t h e  

d i s t a n t  geomagnetic f i e l d )  a coordinate system based upon t h e  so la r  

A s ign i f icant  per turbat ion of t h e  geornagnetic 

6 has a l s o  been re f lec ted  i n  t h e  - 

- - 

- - 
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di rec t ion  immediately appears appropriate.  Such coordinates were 

f i r s t  used i n  the  evaluation of Explorer 10  observations of plasma 

/Eonetti  e t  a1 ., 19637 and magnetic f i e l d s  /%eppner e t  a1 ., 19637 
and were designated a s  so la r  e c l i p t i c  coordinates.  

of Figure 1 i s  an i l l u s t r a t i o n  of t h i s  right-handed Cartesian coordinate 

system ('SE, 'SE, 'SE): 

- - 
I n  t h e  top diagram 

4 

'SE i s  p a r a l l e l  t o  the  earth-to-sun d i rec t ion  
-+ 

QSE and 0 are and ZSE i s  directed toward t h e  north e c l i p t i c  pole , 
SE 

the  so la r  e c l i p t i c  l a t i t u d e  and longitude, respect ively,  of point  P. 

For example, i n  an earth-centered solar  e c l i p t i c  coordinate system 

t h e  s o l a r  wind vector is  directed toward 8 

t h e  aber ra t ion  effect :  of - 5 "  due t o  t h e  e a r t h ' s  revolution about the  

= G", OSE = 1-89' neglecting SE 

sun. A more recerit coordinate system based upon I Y P  1 xagnetic 

measurements i n  the t a i l  of the magnetosphere has been develo2ed fiess,  

19657 - which recognizes the  r o l e  of the airecxior, of :;;e ~ZTLZ:S mzgnetic: 

- 

moment as wel l  as the so la r  d i rec t ion .  These coordinates a r e  re fer red  

t o  as solar magnetospheric coordinates ( X  Z, ) {recer  t o  bottom, SM' 'SH~ b y b i  
3 4 4 

Figure 1) and are defined with X p a r a l l e l  t o  XSE and YsN p a r a l l e l  t o  SM 
where $ I  i s  p a r a l l e l  t o  the e a r t h ' s  magnetic dipole axis. I n  5 'E3 i3 

an  earth-centered s o l a r  magnetospheric coordinate system, f o r  example, 

a poin t  f ixed i n  c e l e s t i a l  coordinates w i l l  move i n  an annual cyc l ic  

motion due t o  the  e a r t h ' s  revolution about t h e  s u r  upon which i s  super- 

imposed a d iurna l  motion due t o  the r o t a t i o n  of t h e  e a r t h .  Extensive 
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surveys of magnetic f i e l d s  and p a r t i c l e  d i s t r i b u t i o n s  i n  t h e  t a i l  of 

the  magnetosphere a r e  cur ren t ly  the  ind ica tors  as t o  whether magnetic, 

so la r  e c l i p t i c ,  or s o l a r  magnetospheric coordinates provide t h e  highest  

degree of coherency i n  t h e  organization of t h e  data. A summary of t h e  

major experimental observations directed toward t h i s  top ic  i s  a s  follows: 

The neut ra l  sheet i n  the  e a r t h ' s  magnetic t a i l  i s  more 

prec ise ly  defined by the solar magnetospheric equator ia l  

plane - /xess,  19657. 

Vela s a t e l l i t e  measurements of e lec t rons  E > 50 keV a t  

17 A\ show t h a t  the  occurrence of measurable i n t e n s i t i e s  

i s  preferent iaLly near the  magnetic equator r a t h e r  than near 

the  e c l i p t i c  plane or so lar  magnetospheric equator ia l  plane 

LGontgomery e t  a l . ,  19657. 

Explorer 14  measurements of t h e  omnidirectional i n t e n s i t i e s  

of e lectrons E >40 keV near t h e  l o c a l  midnight meridian 

indicated a t a i l  of e lectron i n t e n s i t i e s  lying more 

near ly  i n  t h e  e c l i p t i c  plane than near the  geomagnetic 

equator beyond 10 K .  

r e l a t i v e l y  quiescent period i n  magnetic a c t i v i t y  and i n  

i n t e n s i t y  tenporal  var ia t ions  a t  s imi la r  geomagnetic 

l a t i t u d e s  but a t  d i f f e r e n t  e c l i p t i c  l a t i t u d e s  repeatedly 

indicated t h a t  geomagnetic l a t i t u d e  w a s  inadequate f o r  

In  f a c t  measurements during a 
h 
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organizing t h e  observed i n t e n s i t i e s  Drank,  196527. 

The f u r t h e r  sophis t icat ion of t h e  so la r  magnetospheric 

- 
(4) 

coordinates has not yet proved t o  be necessary for t h e  

organization of shock wave and magnetopause p o s i t i o n a l  

d a t a .  Solar e c l i p t i c  coordinates continue i n  prac t ice  

t o  be adequate for the  smmary of these data  /cf ., Ness 

e t  a1 ., 1964; Bridge e t  a1 ., 19627. 
It must be remembered i n  consideration of t h e  above r e s u l t s  t h a t  

- 

t h e  observation of e lec t ron  i n t e n s i t i e s  E >5O keV i n  the  t a i l  region 

( f o r  example, (2 )  above) i s  not necessar i ly  ind ica t ive  of t h e  coincident 

presence of the neutxal sheet (1). 

and protons i n  t h i s  region of the  magnetosphere are necessary i n  order 

Further surveys of t h e  e lec t rons  

t o  pursue the  in te r re la t ionships  of t h e  above r e s u l t s .  
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III. lWSUREI.siE3TS OF THE DISTALKC 
GZoiviP, G,il'ETI C FIELD 

It i s  e a s i l y  recognized t h a t  the i n t e r p r e t a t i o n  of charged p a r t i c l e  

observations i n  the  e a r t h ' s  magnetosphere and i t s  v i c i n i t y  depends 

heavily upon t h e  character of the associated magzetic f i e l d s .  Major 

experimental evidences concerning the topology of these  magnetic f i e l d s  

are summarized here .  
4 

Magnetopause-transition-shock regions. One of the  e a r l y  d i r e c t  

observations of the  i n t e r a c t i o n  of the s o l a r  wind p ias rx  wlth the  

geomagnetic f i e l d  i s  shown i n  Figure 2 as Explorer 12 passed through 

the  magnetospheric boundary, or xlagnetopause, near the  earth-to-sun 

d i r e c t i o n  - /?reeman, VAn Allen, and Cahill ,  19637. - Yne sca la r  value 

I F 1 
i ccreases  over t h e  Finch and Leaton (1955) extrapoiaxed f i e l d  with 

increasing geocentric r a d i a l  2istance while remaLEkg re;-;ively 

constant i n  d i r e c t i o n .  

a f a c t o r  of 2 l a r g e r  than t h e  t h e o r e t i c a l  f i e l d  a sharp decrease i n  t h e  

magnitude and change of character of 

h ighly  disordered magnetic f i e l d s  with magnitudes of tens  of gavmas 

were observed a t  l a r g e r  r a d i a l  dis tances .  

+ 
of the  observed magnetic f i e l d  (center ,  Figure 2 )  xonotonically 

-.t 

A t  52,000 km (8.2 RE) with I F 1 a2proxiqately 

the  magnetic f i e l d  occurred and 

Simultaneous observations 

of charged p a r t i c l e s  displayed (1) a severe decrease of trapped 

e l e c t r o n  

and (2 )  a l a r g e  increase of low-energy 

40 keV < E < 50 keV i n t e n s i t i e s  (SPLSPB, top,  Figure 2) 

e lec t rons  - a few keV of energy 
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with increasing radial distance concurrent with the above change in the 

character of the magnetic field. 

as (1) the termination of durable geomagnetic trapping of charged 

These measurements were interpreted 

particles at 8.2 RE (2) concurrent with the termination of a perturbed 

but smooth geomagnetic field at the magnetopause with (3) the peak of 

quasi-thermalized plasma beyond the magnetopause supplying the plasma 

pressure necessary to balance the magnetic prkssure due to the compressed 

geoinagnetic field just inside the magnetopause. 

although not the most detailed available at present, provide a valuable 

guide to the gross characteristics of the sunward nagnetopause region. 

Although the radial thickness of the persistent quasi-thermalized 

These early observations, 

plasma observed with Explorer 12 was typically 2 to 3 F 

- /Freeman, 19657 in agreement with theoretical predictions of the stand- 

off distance of the bow shock /%elLogg, 1962; h f o r d ,  19627, no obser- 

vations with the Explorer 12 magnetometer of a change in the character 

in depth E 

- - 

of the magnetic field designating the position of the shock wave were 

reported. Direct observations of a collisionless magnezohydrodynamic 

shock wave with a magnetometer were first reported by Ness et al. /ig647 - -  

with the IMF 1 satellite. An example of these observations is given in 

Figure 3 which displays the magnetopause at 13.6 R 

magnetic field at greater radial distances in the region between the 

and the disordered z 

Y and ZSE XSE’ SE’ magnetopause and the shock wave. The coordinates 8 ,  g 2  
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a r e  sa te l l i t e -centered  so lar  e c l i p t i c  coordinates.  A t  a r a d i a l  dis tance 

of 19.7 

SE’ “SE” SE 
of d i s c r e t e  s e t s  of measurements (6X 

r e l a t i v e  t o  those within the  t r a n s i t i o n  region (or ‘magnetosheath’) 

and beyond the  variances i n  the  magnetic f i e l d  components 

d Z ) become s m a l l  

a t  smaller rad ia l  dis tances  and a similar e f f e c t  i s  not iceable  i n  the  

averaged s c a l a r  f i e l d  F. 

f i e l d  a t  19.7 R, which i s  a p e r s i s t e n t  featurL of t h e  L’2 1 measure- 

ments beyond the  sunward side of the magnetosphere, although 

var iab le  i n  posi t ion,  i s  interpreted by Ness e t  a l .  /I9647 as 

del ineat ing the  shock wave boundary. 

‘The change i n  the  character  of t h e  magnetic 

L 

- -  
Ness e t  a l .  /i9647 have summarized - -  

t h e i r  crossings of th,e magnetopause and shock wave i n  the  e c l i p t i c  

plane by r o t a t i n g  t h e  observations i n  a meridian plane containing t h e  

a x i s  and t h e  p o s i t i o n  of t h e  observation; t h i s  summary i s  reproduced ‘SE 
i n  Figure 4. These da ta  have a l so  been normalized, or r e c t i f i e d ,  t o  a 

geomagnetic l a t i t u d e  of the subsolar point  li( - 0”. i n  t n e  e c l i p t i c  ss- 
plane a t  t h e  subsolar point  the  average pos i t ions  of the  magnetopause 

l3 ?E and t h e  shock wave a r e  a t  - 10 F$ and 13.5 F$ and f l a r e  out t o  - 
and 22 %, respect ively,  a t  OS*= 270”. The so l id  l i n e s  ind ica te  the  

r e s u l t  of a t h e o r e t i c a l  model calculat ion of the  shock 2 o s i t i o n  with 

the  magnetospheric boundary used a s  t h e  blunt  b&y Lspre i te r  and Jones, 

19637. Calculations of the  shape of t h e  sunward magnetopause /cf . Beard, 

1960; Midgely and Oavis, 1962; Sprei ter  and Briggs, 1962a, b; Mead and 

Beard, 19647 - a r e  i n  subs tan t ia l  agreement with these  observations.  

- 



Explorer 19 observations of the  magnetopause toward t h e  t a i l  of t h e  

magnetosphere as determined from simultaneous plasma /Eonetti  e t  a1 . , 
19637 and magnetic f i e l d  /??eppner e t  a l . ,  19637 measurements have been 

- 

- 

rotated i n t o  the e c l i p t i c  plane for comparison and strengthen the  

experimental evidence t h a t  no closure of the  geonagnetic t a i l  i s  d i s -  

cernible  contrary t o  closures predicted due t o  t ransverse plasma 

pressures  Ef. johnson, 1960; Beard, 19607. 
' 

- - 
Motions of t h e  magnetospheric boundary and of t h e  shock wave 

a r e  i m p l i c i t  i n  the  var ia t ions  of the measurements summarized i n  

Figure 4 / zess  e t  a l . ,  19647 and are  manifestations of temporal 

v a r i a t i o n s  i n  the  so la r  wind densi t ies ,  v e l o c i t i e s ,  and associated 

in te rp lane tary  magnetic f i e l d s .  

evening f lank  of the  magnetosphere over t h e  r a d i a l  dis tance range of 

- - 

Explorer 10 observations i n  t h e  

of a l t e r m t e  periods of no plasma and magnetic f i e l d  % + 22 % to 42 
di rec ted  r a d i a l l y  f r o 2  the  sun and of plasma rnovkg general ly  from the  

d i r e c t i o n  of t h e  sun and disordered magnetic f i e l d s  were in te rpre ted  

as t h e  motion of t h e  magnetopause across t h e  s a t e l l i t e  ' s pos i t ion .  

Freeman /i9647 has shown t h a t  t h e  cor re la t ion  of D 

p o s i t i o n  of tke  sunward Kagnetopause as determined by Explorer 12 

observations ind ica tes  t h a t  t h e  xagnetosphere i s  compressed during t h e  

i n i t i a l  phase of a magnetic s t o m  presumably by enhanced s o l a r  ;?lama 

f lux  and i s  characterized by a general expansion during t h e  recovery 

values with the  ST - -  



phase. 

trzpped protons near the  magnetopause has given an impulsive, outward 

A s ingle  Explorer I 2  observation of a t r a n s i e n t  presence of 

rad ia l  ve loc i ty  of the  boundary pos i t ion  exceeding 150 km ( s e e )  -1 

- Bonrad i and Kauf mann , 19 657. 
Geomagzetic t a i l  region. The fom of t h e  d i s t a n t  geomagnetic 

f i e l d  i n  the a n t i - s o l a r  d i rec t ion  has been of t h e o r s t i c z l  i n t e r e s t  

before d e f i n i t i v e  measurements were available;  /cf . Piddington, 1959; 

Beard, 1963; Axford and Hines , 19617; a c t i v e  inves t iga t ions  concerning 

t h e  l i n e a r  dimensions of the geomagnetic t a i l  i n  t h e  a n t i - s o l a r  d l rec t ion  

a r e  present ly  continuing / t e s s l e r ,  1964; Dungey, 1965; Michel, 1965; 

Piddlngton, 19657. 

f i r s t  d i r e c t  experimental evidence indicat ing the  nature  of t h e  

magnetic f i e l d  topology i n  the  t a i l  of t h e  magnetosphere. Beyond 

approximately 8 t o  22 a magnetic ffcld directed r a d i a l l y  out- 

ward ( the  probe w a s  a t  socther ly  l a t i t u d e s  during t h e  measurements) 

from t h e  sun and considerably larger i n  magnitude over t h e  t h e o r e t i c a l  

values  w a s  detected.  

magnetopause across  the  s a t e l l i t e ' s  pos i t ion  occurred. 

again a t  southerly e c l i p t i c  l a t i t u d e s  and t o  a r a d i a l  dis tance of 

- 16 A\ with Explorer 14 LEahill,  19647 provided confirnat ion of the  

above Explorsr 10  r e s u l t s  and indicated a depression of the  magnetic 

f i e l d  below t h e o r e t i c a l  values a t  7 t o  8 %. Similar depressions of 

- 

- 

- 
Exslorer 10 /%eppner e t  a1 . , 19637 provided t h e  - - 

B 

Beyond 22 R, the  repeated t ransversa l  of t h e  
L 

Xeasurements 

h - 



the  geomagnetic f i e l d  were observed during t h e  period near s o l a r  

maximum with Explorer 6 (August 1959) a t  a l t i t u d e s  as low as 5 

- /Sonett e t  a l . ,  1960 a, b; see a l s o  Smith, 1963, f o r  a review of 

Pioneers 1 and 5,  Luniks 1 and 2, and Explorers 6 and 10 measure- 

ments of the  d i s t a n t  magnetic f i e l d  and t h e  p o s s i b i l i t y  of an 

associated t e r r e s t r i a l  r ing  current7.  

5 

The most ccnprehensive measure- - 
ments of t h e  mzgnetic f i e l d s  i n  t h e  magnetospheric t a i l  region 

reported tkds f a r  have been obtained by Xess /79657 with 24.P 1 

(agogee 31 .k %) . A representat ive inbound pass - /xess, 19657 - through 

t h e  t a i l  region i s  reproduced i n  Figure 5; the  magnitude 7 and t h e  

d i r e c t i o n  i n  s o l a r  e a l i p t i c  coordinates of t h e  measured f i e l d  a r e  

- -  

.!!I 

conpared with the  usual  theore t ica l  f i e l d  (dashe6 l i n e s ) .  

cludes t h a t  (1) the  la rge  magnetic f i e l d  of 10 t o  30 gaxmas and 

ckaracterined by r e g u l a r i t y  i n  d i rec t ion  observed t o  apogee dis tances  

(- hal f  t h e  dis tance t o  t h e  lunar  o r b i t )  ind ica te  t h a t  t h e  e a r t h ' s  

magnetic t a i l  extends t o  a t  l e a s t  the lunar  o r b i t  and ( 2 )  t h e  

sixultaneous observations of a p r a c t i c a l l y  n u l l  f i e l d  and a 

r e v e r s a l  f r o n  a n t i - s o l a r  d i rec t ion  t o  s o l a r  d i rec t ion  of t h e  f i e l d  

a t  - 16 R, i s  indicat ive (supported by similar observations over 

18 consecutive o r 3 i t s )  of a neutral  sheet i n  ?;he Tai l  region with a 

thickness  of a f r a c t i o n  of an ear th  r a d i u s .  Eence t h e  e a r t h ' s  polar  

cap l i n e s  of force a r e  pulled t o  the night  s ide  of t h e  e a r t h  i n  t h e  

Ness C O D '  

r: 
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m g n e t i c  t a i l  with l i n e s  of force fron t h e  Northern and Southern 

Hemispheres directed along t h e  solar and a n t i - s o l a r  d i rec t ions ,  

respect ively,  with these two f l u x  tubes separated by a n e u t r a l  

sheet (€3 N 0 )  containing suf f ic ien t  plasma to provide a pressure 

t o  balance the  magnetic pressure of t h e  adjacent tubes of force 

- 

- / s e e  Axford e t  a l . ,  1964, for a theore t ica l  discussion7. - A 

s w i a r y  due t o  Eess / ig657 of the  magnetic f i e l d  topology i n  t h e  

noon-midnight meridional plane i s  shown i n  Figure 6 .  

has recenttly reported s imilar  r e s u l t s  near t h e  midnight meridian 

which a r e  sumarized i n  Figure 7 .  The shape of the  magnetic f i e l d  

has Seen projected iEto  a magnetic rneridian plane and s igni f icant  

- -  
Cahil l  - -  /i965T 

s t re tck ing  of the  f i e l d  l i n e s  i n  the a n t i - s o l a r  d i r e c t i o n  appears 

beyond 

of t h e  n e u t r a l  sheet found by Ness was a l so  reported.  

comparison - /?hayashi, 19627 of the measured mzgnezic f i e l d  

magnitudes and t h e  extrapolated f i e l d  along tSe earth-to-sun 

l i n e  ( X  

t h e  experinenzal meashremefits discussed above. 3 - e  r:sgnetic f i e l d  

topology a t  high l a t i t u d e s  and large radial  diszance yer. awaits 

10  %; observation of a sharp f i e l d  reversa l  ihd ica t ive  

A coarse 

a x i s )  i s  given i n  Figure 8 and i l l u s t r a t z s  several  of SE 

experimental s-avey . 



The s p a t i a l  d i s t r i b u t i o n s  oI" charged p a r t i c l e s  surrounding and 

within t h e  d i s t a n t  geomagnetic f i e l d  a r e  highly deperi2en-l q o n  t h e  

energy and species of charged p a r t i c l e s  under inves t iga t ion .  

attempt t o  summarize the  major reported evidences provides ins ight  

An 

i n t o  the  complexity or' t h e  nagnetospheric s t r1xture .  

per ta in ing  t h e  the  d i s t r i b u t i o n s  of charged p a r t i c l e s  within t h e  e a r t h ' s  

magnetosphere have been given, for example, by Van Allen /i9617, r'arley 

/i9637, O'Brien 179637, Frank arid Van Allen /i964a7, and Obayashi /i9657. 

Other s u m a r i e s  

- -  

- -  - - - -  - -  
Low-energy charged p a r t i c l e s .  An example of observatiorx of a 

quasi-thermalized plasma j u s t  beyond t h e  nagnetopause and compressing 

the  sunward geomagnetic f i e l d  has been given previously i n  Figure 2 

fireeman e t  a l . ,  19637. The plasma energy flux w a s  of t h e  order of - 
4 L l U  was 1J.U CJ. J. G U  .L i viii A. C I U I I I L C L A  "YL J t e n s  of ergs 2 -sec-si*j-l - - - A  ---- < - P - - m - A  *vr \m n i i i i r n o n t s i r 7 r  

dynamical considerations t o  be electrons of energy - few k i l o v o l t s  

and i n t e n s i t i e s  J - lo9 - 13 10 (em 2 -see)  -1 . Measuremenxs of the  
0- 

proton and e lec t ron  i n t e n s i t i e s  i n  t h i s  port ion of t h e  magre-cosphere 

were cont lmed with a plasma cup on DIP 1 by Bridge and h i s  associates  

/i964, 19657 and a t y p i c a l  pass i s  reproduced here i n  Figure 9. Shown 

a r e  t h e  average proton energy V, log 

and of t h e  e lec t ron  flux 65-210 eVlooking toward and away from the  sun 

and a measure, 7 ,  of t h e  width of the proton dis t r lbuTlon.  Beyond 15 

- - 
of t h e  t o t a l  posizive ion flux 10 

?E 



, 
18 

the  s a t e l l i t e  i s  i n  t h e  in te rp lane tary  medium and a an iso t ropic  f lux 

of protons Jo - 10 

e lec t ron  i n t e n s i t y  65 eV t o  210 eVwas reported t o  be a t  approximately 

t h e  noise  l e v e l  of t he  instrument, - 6 x 13 (cm -see)  . I n  t h e  

8 2  -1 (cm -sec)  i s  d i rec ted  away from t h e  sun; t h e  - 

6 2  -1 

t r a n s i t i o n  region between - 10 5 and 15 approximately i so t rop ic  

9 2  -1 but var iab le  i n t e n s i t i e s  of protons and e lec t rons  J - 13 (cn -sec)  , 
a marked increase i n  ion tenperature (measurable i z t e n s l t l e s  i n  a l l  

chalnnels 45 eV thrcugh 5400 eV), and a sharp decrease i n  the  

0 -  - 

RE i n t e n s i t i e s  of protons and electrons a t  the  magnetopause near 10.5 

were observed. These measurements i nd ica t e  t h a t  t h e  proton dens i ty  

i n  t h e  t r a n s i t i o n  region exceeds the so l a r  wind proton d e s s i t y  by a 

f a c t o r  of 8 t o  10. A s w j a r y  of the por t ions  of t he  XP 1 t r s j e c t o r y  

along which a hot,  approximately i so t ropic  proton f l u x  was observed 

i s  shown i n  Figure 10 /firidge e t  a l ,  1964, 19657; t h e  t r a s i t i o n  - - 
regions as determined by these  plasma observations and by s i rul taneous 

magnetic f i e l d  measurements a r e  coincident ( c f .  Figure 4 /%ss e t  a l . ,  

19647 of t h i s  paper ) .  

- 
Wolfe and Si lva /ig647 genera l ly  c o z f i m  t h e  - -  - 

above r e s u l t s  using a cy l ind r i ca l  analyzer a l s o  on IMP 1 and f ind  

t h a t  t h e  proton angular d i s t r ibu t ions  ir, t h e  t r a n s i t i o n  region 

ind ica t e  a highly turbulent  flow s t a t i s t i c a l l y  d i rec ted  away from 

t h e  sun. Measurements of low-energy e lec t ron  i n t e n s i t i e s  u t i l i z i n g  

a r e t a r2 ing  p o t e n t i a l  analyzer (also IMP 1, one outbound pass)  have 

been obtained by Serbu /i9657 and a r e  shown here i n  Figure 11. The - -  



8 m n i d i r e c t i o n a l  i n t e n s i t y  of electrons E > 100 eV i s  - 2 x 10 

-1 (cm'-sec) from 8 % t o  t h e  posi t ion of t h e  shock f r o n t  a t  

16 % as determined by t h e  magnetometer measurements. 

of these  electrons decrease sharply a t  t h e  shock boundary but no 

I n t e n s i t i e s  

change i n  t h e  observed i n t e n s i t i e s ,  increase or decrease, i s  seen 

a t  t h e  magnetopause a t  - 11 5 .  
omnidirectional i n t e n s i t i e s  of e lectrons 0 < E < 5 eV and 

5 < E < 10 eV appear t o  enjoy a similar independence of t h e  

magnetospheric boundary. 

The radial p r o f i l e s  of t h e  

A summary of t h e  observations of t h e  low-er,ergy charged p a r t i c l e  

d i s t r i b u t i o n s  near t h e  sunward magnetopause as dlscussed above and 

i n  t h e  t a i l  of the  magnetosphere i s  given i n  F i g w e  1 2 .  

ecl i ;? t ic  place has been selected here f o r  map2ing and comparixg 

t h e  r e s u l t s .  

i n d i c a t e  t h a t  the  plasma resumes supersonic flow along t h e  f lanks  

of t h e  magnetosphere. 

E > 100 e V  i n t e n s i t i e s  by Lunik 2 /&ingauz e t  a l . ,  19617, Explorer 12  

- /Freeman, 19637, ar,d xars 1 - /Eringauz e t  a i . ,  196L7 - beyond - 8 % a r e  

i n  coarse agreernenz alzhough there  i s  an o b v i o u  need Tor xore 

d e f i n i t i v e  xeasnrements . The r e s u l t s  of Grirgauz an?. cis col laborators  

/'196h7 ax higk l a t i t u d e s  (A 

/i9647) have been coarsely t rans la ted  i n t o  t h e  e c l i p l c  2lace by d i r e c t  

I,-shell mapping. 

agrees  with t h e  onset of change in character  of t h e  geomagnetic f i e l d  

The 

Explorer 13 plasma observazions /Bonezti ez a l . ,  196i7 - 

Observations of low-energy e lec t ron  

cu - - 

- 50') (for coordinates, see V&alov e t  a l . ,  m - -  

- -  
The pos i t ion  of these  l a r g e  e lec t ron  inzecs iz ies  
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i n  t h e  a n t i - s o l a r  d i rec t ion  measured with IMP 1 and Explorer 1 4  

a s  reviewed above. The observed electron energy f l u x  of several  

t e n s  of ergs  (em -see)  (energy densi ty  - 10 ergs  i f  E 

- a few k i l o v o l t s )  appears suf f ic ien t  to support t h e  n e u t r a l  sheet 

discovered by Ness /i9657 i f  B - 30 gammas f o r  t h e  magnitude of 

2 -1 -8 

- -  

t h e  adjacent f i e l d s .  U r g e  i n t e n s i t i e s  of e lec t rons  of s imi la r  

energies a t  low a l t i t u d e s  and high 1 a t i t u d e s . L  > 8 have been 

observed during l o c a l  night /Sharp e t  a l . ,  1965; F r i t z  and Gurnett, 

19627 and f u r t h e r  suggest t h e  t a i l  region as a t  l e a s t  a p a r t i a l  

N 

- 

reservoi r  and/or accelerat ing region f o r  aurora l  p”- a r t i c l e s .  The 

s p a t i a l  connection of t h e  two regions characterized by la rge  

i n t e n s i t i e s  of e lectrons E > 100 eV near the  sunward magnetopaLse 

and i n  t h e  geomagnetic t a i l  has not been determined /Ff. Gringauz, 1964; 

Van Allen, 19647 and f u r t h e r  surveys i n  t h e  dawn, evening, and t a i l  

- 

- 
por t ions  of t h e  magnetosphere are necessary t o  e s t a b l i s h  the  

r e l a t i o n s h i p .  

Mediuq-energy charged p a r t i c l e s  . Simultaneous measurexents of 

magnetic f i e l d s  and e lec t ron  E - 50 keV i n t e n s i t i e s  with Explorer l2 

revealed t h a t  a l a r g e  decrease of e l e c t r c n  i n t e n s i t i e s  occurred 

concurrently with t h e  disappearance a t  t h e  sunward magnetopause of 

t h e  uniform, although perturbed, geomagnetic f i e l d  necessary f o r  

t h e  durable trapping of charged p a r t i c l e s  /?reeman e t  a i . ,  19637 - 
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( r e f e r  t o  present  Figure 2 ) .  

behavior of t h e  radial p r o f i l e s  of e lec t ron  E > 40 keV, E > 230 keV, 

and E > 1 .6  MeV i n t e n s i t i e s  near the sunward magnetospheric 

boundary with Explorer 14  /Frank and Van Allen, 196lb7 i s  given i n  

L i i c .  l ( ~ I ' L - I i . l i I I 1  i l l a ~ ( ~ L  oL' 1~'i~;iwe 1'; . 1'Jic "r.pikc," ol' c lcc i ron  

E > 40 keV i n t e n s i t i e s  beyond the p o s i t i o n  of t h e  trapping boundary 

a t  - 7O,OOO kn and extending i n  t h i s  example; t o  - 93,000 Inn i n  t h e  

general  v i c i n i t y  of -Lhe t r a n s i t i o n  region have been observed by 

Anderson e t  a l .  fi9657, Frank and Van Allen /1964b7, and Fan e t  a l .  

/i961c7 and a r e  suggestive of a high-energy t a i l  of t h e  e;ectron 

spec t rum i n  t h e  t r a n s i t i o n  region (J  

- 10 ) /?rank and Van Allen, 1964b7. 

t h e  acce lera t ion  of these energetic e lec t rons  have be311 given by 

Scarf e t  a l .  /19657 and Jokip i i  and Eavis 1196L7. 

c o r r e l a t i o n  of t h e  occurrence of these i n t e n s i t y  ' sp ikes '  with 

t h e  planetary magnetic index K 

found /Frank and Van Allen, 1964b7 with average K 

and 1 .5  f o r  passes with and without i n t e n s i t y  spikes beyond t h e  

magnetopause, respec t ive ly .  The percentage of passes with 

observations of spikes while t h e  s a t e l l i t e  was i n  t h e  t r a n s i t i o n  

region and K w a s  3 or 4 (- 20 passes) was - 75%. 

disp lays  t h e  ' f l a r i n g '  of t h e  magnetospheric boundary as dedwed 

h o t h e r  example of the  t y p i c a l  

- - 

- -  - - 

- -  
(E > 40 keV)/Jo (E > N 1 keV) 

Theoreticel  kmoxheses for 

0 

-5 - - 

A coarse p o s i t i v e  - -  - -  

(right-hand i n s e t  Figure i 3 )  was 
P 

values - 2.5  - P - - 

- 

F i g x e  13 a l s o  
P 
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fron the characteristic sharr, termination of intensities in general 

agreement with IMP 1 magnetic field measurements - /Ness et al., 196i7 

and the increasing thickness of the regions with extra-magnetospheric 

spikes with angular displacement from the subsolar point - /Frank et al., 

1963; Fan et al., 1964; Frank and Van Allen, 196kb; Anderson et al., 

19627. Direct correlation of the position of the shock as 

determined by sinultaneous magnetic field meascrements with the 

positions of these intensity spikes shows that the intensity spikes 

, 

are not coincldent with, but are also sometimes positioned upstream 

from, the position of the shock wave - hderson et al., 1965; Jokipii 

and Davis, 196k7. - 

of small intensity spikes (- 10 

The interpretation due to Anderson et al. - -  /i9657 
3 I: to 10 (cm*-sec)-') observed at 

large distances in front of the shock as being of terrestrial origin 

may be complicated by the recent discovery - /Tan AllerL and Krimigis, 

19657 of solar electron E - 40 keV events with Mariner 4 data. 
A summary of several gross features of the spatial distributions 

of electrons E - 40 keV is given in Figure 14. 
of the average electron E > 40 keV intensity in the interplanetary 

medium is - 10 (cm -sec) 
19627. 
the solar dlrection (- 10 R E )  and to - 8 5 in the anti-solar 
direction is a 'hard core' of electron E > 40 keV intensities 

A rough upger limit 

2 -1 as determined with Mariner 4 - /Ff. Van Allen, 
Surrounding the earth and extending to the magnetopause in 
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7 8  2 -1 - 10 -10 (em -see)  characterized by r e l a t i v e l y  weak temporal and 

s p a t i a l  va r i a t ions  when compared t o  outlying regions of t h e  magneto- 

sphere - /Frank, 196527. 

poin t  a t  low l a t i t u d e s  these  i n t e n s i t i e s  a r e  termlxated coincident ly  

with the  magnetopause. I n  the  dawn and evening ' s k i r t s '  of t he  

s p a t i a l  (i .e ., a t  l a r g e r  angular displacements frcr, t he  subsolar 

Withir, 45" of longi tude of the subsolar 

p o i n t )  d i s t r i b u t i o n  tor tuous temporal and s i a t i a l  va r i a t ions  a r e  

observed /Frank e t  a l . ,  1963; Anderson e t  a l . ,  1965; Frank, 1965a7 

and t h e i r  assoc ia t ion  with the  magnetopause i n  terms of s p a t l a l l y  

cor re la ted  decreases or increases  i n  i n t e n s i t y  weakens and disappears 

toward the  f lanks  of! t h e  magnetosphere b i d e r s o n  e t  a l . ,  19627. 

Montgomery e t  a l .  /ig627 have noted a l a rge  a s p i e t r y  i n  the  dawn 

and evening s k i r t s  with the  dawn s k i r t  having ge,-,erzlly more intense 

and frequent e lec t ron  E > 50 keV i n t e n s i t y  spixss h-rier, asri2ared with 

observations ir, t h e  l o c a l  evenirg s k i r t .  Observations w;z?i 

- - 

- 

- 

Explorer 14 displayed no s igni f icant  dawn-evening asyr;rr,etry during 

r e l a t i v e l y  quiescent magnetic conditions ( Z K  < 25)  / h r i k ,  1965a7 

but  t h e  n e r r l y  c i r c u l a r  Vela o rb i t s  /yontgomery e t  a l . ,  19657 a r e  

- - P -  

- - 
more favorzble for observing such an asymmetry than t h e  highly 

eccen t r i c  Zxplorer 14 o r b i t .  ?n the  a n t i - s o l a r  d i r ec t ion  a ' t a i l '  

of e l ec t ron  E > 40 keV i n t e n s i t i e s  has been foilnd /Frank, 1965a; 

Anderson, 19657 - characterized by much weaker temporal crd s p a t i a l  

- 
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dependences when canpared t o  those of the s k i r t  regions and a 

shallow la t i tude  dependence canpared t o  that of the 'core' of 

in tens i t ies .  The posit ion of t h i s  ' ta i l '  of electron in tens i t ies  

presumably i s  coincident with the neutral  sheet. Anderson p96g , 

has found 'spikes' of in tens i t ies  with fast risetimes (- a f e w  

minutes) with approximately exponential decays (- a f e w  minutes t o  

hours) i n  the anti-solar direction t o  a t  l e a s t  IMP 1 apogee position 

of - 32 I$ w i t h  a strong decrease i n  frequency of occurrence w i t h  

increasing r a d i a l  distance and infers that  these ' islands ' (typically 

several 

t a i l  region. 

i n  l inear  dimensions) are impulsively injected in to  the 

Asbridge e t  al . D965J have observed electrons of 

similar energies streaming i n  the  ant i -solar  direct ion i n  the 

geamagnetic t a i l  a t  N 17 

energy protons E > I25 keV, j - - 10  t o  10 

regions have been reported LEonradi, 196g. 

increases of in tens i t ies  du r ing  t h e  onsets of several in tens i ty  

'spikes' i n  the evening skirt of in tens i t ies  w i t h  OGO 1 allowed 

Frank et  a l .  p96g t o  set a lower l i m i t  on the bulk velocity of 

the  irregularities of 50 km (sec)- l .  

average m i d i r e c t i o n a l  intensi t ies  of electrons E > 40 keV as a 

function of 'geocentric radial distance i n  the anti-solar direct ion 

Recently intensi ty  'spikes' of low- 
3 4 (cm2-sec-sr)-' i n  these 

Observations of rapid 

A c a s e  summary of the 

i s  shown i n  Figure 15 which includes the k3cplorer 14  and IMP 1 data 



discussed above and a s ingle  determination a t  3330 

/van Allen, 19657; average i n t e n s i t i e s  a t  t h e  lunar o r b i t  i n  the  

with Nariner 4 
d 

- - 

a n t i - s o l a r  d i rec t ion  might reasonably be expected t o  be 10  3 (m2-sec)  -1 . 
Periodic var ia t ions  of t h e  i n t e n s i t i e s  of e lec t rons  E > 40 keV 

with periods - 6 minutes and pers i s t ing  for several  hoilrs i n  t h e  

s k i r t  and t a i l  regions of t h e  magnetosphere have Seen recent ly  

reported r h d e r s o n ,  19627. 

t o  per iodic  var ia t ions  i n  t h e  magnetic f i e l d  (cyc l ic  acce lera t ion  

These var ia t ion;  are presumably re la ted  - 

and decelerat ion by hydromagnetic waves) such as t h e  long-period 

hydrozagne-Lie waves observed by Patel  Li9657 ( f o r  t h e o r e t i c a l  d i s -  

cussions of the generation and propagation of magnetospheric 

hydroxagnetic waves, r e f e r  t o  Dessler 0958, 19617, Dessler an? 

Parker /19597, Dessler and Walters li-9647, and McDonald /i9617). 

- 

- 

- -  - -  - -  

zr,ergetic e lectrons . The spatia; d i s t r i b u t i o n s  of e lec t ron  

E > 1.5 MeV i n t e n s i t i e s  i n  t h e  outer magnetosphere and beyond a r e  

summarized i n  Figure 16.  The isopleths  of constant i n t e n s i t i e s  

Jo = 10 2 3 4  , 10 , 1 0  (cm*-sec>-l as measured with Explorer 14 near 

t h e  magnetic equator ia l  plane exhibit  a l a r g e  l o c a l  t i x e  

dependence i n  r ad ia l  pos i t ion  ( f o r  example, the  i sople th  

G = 10 ( c m  -see)  i s  positioned a t  10  % i n  t h e  s o l a r  d i r e c t i o n  

and a t  8 .\ i n  t h e  a n t i - s o l a r  d i rec t ion)  and t h e  

but ion  of these energet ic  electrons l i e s  within t h e  r e l a t l v e l y  

2 2  ,- 1 
0 

s p a t i a l  d i s t r i -  
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s tab le  ' c o r e '  of 40 keV e lec t ron  i n t e n s i t i e s  (see Figure 1 4 )  

/Frank, 1965b7; t h i s  region a s  defined by t h e  outermost contour 

i s  probably ind ica t ive  of the  region i n  which complete longi tudina l  

d r i f t  paths  around t h e  ear th  a r e  possible .  

of e lectrons E > 1 . 5  MeV (Jo - 10 (cm -sec)-') were observed i n  t h e  

dawn s k i r t  and t r a n s i t i o n  region and none i n  the  correspondicg 

evening port ions of t h e  magnetosphere but tde  s t a t i s t i c s  a r e  poor 

with only several  events of observable i n t e n s i t y  discovered i n  the  

data .  Arrows on the isopleths  indicate  excursiozs (temporal 

v a r i a t i o n s )  i n  t h e  pos i t ion  of the contour Jo = 10 

observed v i t h  Zxplorer 14. 

ornnidirectional i n t e n s i t i e s  a r e  J 

- - 

Several i m e n s i t y  spikes 

2 

2 2  -1 (cm -sec)  

Lpper l h i t s  on the average inxerplanetary 

2 - 
( > 3 NeV) < 0 . 1  (em -seC)-l 0 Iu 

/Cline e t  a1 ., 19647 and Jo ( > 1.5 MeV) 

p r i v a t e  corrxiunication7 - with IMP 1 an6 Explorer 14 cat&, respec t ive ly .  

< 1 (cm2-sec)-l /?rank, 
Iu - - - 

The d iurna l  var ia t ion  of e lectron E >280 keV i n t e n s i t i e s  

observed a t  low a l t i t u d e s  L > 6 /williams and Palmer, i9657 - 

i n  q u a l i t a t i v e  agreement with the observations of e lectrons 

E > 1 . 5  MeV i n  t h e  magnetic equator ia l  plane LFrank, 1965b7 - and i s  

cons is ten t  with t h e  motion of charged p a r t i c l e s  i n  models of t h e  

perturbed geomagnetic f i e l d  - /Ff. Hones, 19637. 

i s  
T u -  

Determinations of the  isopleths  of e lec t ron  E > 1 .5  XeV 

i n t e n s i t i e s  prank, 196527 i n  the outer  magnetosphere ind ica te  - 



. 

that the axis of symmetry of the l o c a l  time distribution of charged 

particles may not be the earth-to-sun direction but may lie closer 

to the 11 :OO-23 :00 ( l o c a l  time) meridional plane. 

single result is inconclusive, a similar effect has been observed 

in the diurnal variations of electron E >4O keV intensities at 

l o w  altitudes with Injun 3 data Drank et al., 196&7. 

Although this 

- 
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FIGURE CAPTIONS 

Figure 1. I l l u s t r a t i o n s  of the  s o l a r  e c l i p t i c  coordinate system 

(upper diagram) and of the s o l a r  magnetospheric coordinate 

system (lower diagram). 

Figure 2 .  P a r t i c l e  and magnetic f i e l d  measurements with 

Explorer X I 1  f o r  t h e  inbound pass on 13 September 1961. 
The CdSB (magnet i n  aperture) de tec tor  count-rate has 

been normalized t o  t h e  energy scalg of t h e  CdSTE (no 

magnet i n  aper ture)  detector .  The counting r a t e s  of 

both CdS de tec tors  are nearly l i n e a r  with energy f lux.  

Both spectrameter channels (SpL and SpH) have been 

corrected f o r  background counts by t h e  subtract ion of 

t h e  counting r a t e  of the  background de tec tor  SpB. The 

CdS qptical! monitor (not shown) indicated t h a t  during 

t h i s  pass t h e  CdS detectors  d i d  not have any br ight  

objects  within t h e i r  f i e l d  of view. F denotes t h e  

s c a l a r  magnetic f i e l d  strength; Q t h e  angle between 

t h e  F-vector and the spin-axis of the  s a t e l l i t e ;  and 

$ t h e  dihedral  angle between t h e  plane containing the  

F-vector and t h e  spin axis and t h e  plane containing 

t h e  spin a x i s  and t h e  sa te l l i t e -sun  l i n e  (after 

Freeman e t  a l .  n9637). - -  
Figure 3 .  Magnetic f i e l d  data (IMP 1) from o r b i t  No. 11 

January 5, 1964, i l l u s t r a t i n g  outbound t r a v e r s a l  of 

magnetopause boundary a t  13.6 
boundary a t  19.7 

and shock wave 

( a f t e r  Ness e t  al. p96&7). 
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Figure 

Figure 

Figure 

4. Summary of loca t ion  of r e c t i f i e d  shock wave and 

magnetopause boundary crossings and comparison with 

t h e o r e t i c a l  predict ions using analogy with supersonic 

f l u i d  flow (after Ness e t  a l .  p9647). - 
5 .  Magnetic f i e l d  d a t a  from inbound o r b i t  No.  41, 

Throughout most of t h i s  May 2 through May 4, 1964. 
time i n t e r v a l  t h e  magnetic f i e l d  i s  pointed anti- 

s o l a r  although a t  a geocentric dis tance of 16 % t h e  

magnetic f i e l d  abrupt ly  reverses d i r e c t i o n  a t  t h e  

same time t h a t  it becomes very weak or zero. T h i s  

s p a t i a l l y  l i m i t e d  region i s  i d e n t i f i e d  as a n e u t r a l  

sheet i n  t h e  e a r t h ' s  magnetic t a i l  ( a f t e r  Ness 

jr965-7) 
6. I l l u s t k a t i o n  of t h e  i n t e r p r e t a t i o n  of t h e  IMP 1 

magnetic f i e l d  data f i e l d  topology within t h e  noon- 

midnight meridian plane.  

t h e  n e u t r a l  surface or sheet i n  t h e  e a r t h ' s  magnetic 

t a i l  and t h e  corotat ing magnetic f i e l d  l i n e s  supporting 

trapped p a r t i c l e  motion a r e  ind ica ted .  These include 

t h e  c l a s s i c a l  Van Allen r a d i a t i o n  b e l t s .  The 

c o l l i  s i onle s s shock and magnetosphere boundaries 

a r e  extrapolated t o  t h e  polar  regions indicat ing a 

depression but t h e  r e l a t i v e  

n e u t r a l  po in t '  and t h e  size of t h e  boundary a r e  not 

experimentally determined. Cyl indrical  symmetry 

about t h e  earth-sun l i n e  has been assumed f o r  t h e  boundary 

of t h e  e a r t h ' s  magnetic t a i l  i n  t h i s  presentat ion ( a f t e r  

The r e l a t i v e  pos i t ion  of 

pos i t ion  of a polar  

Ness ,@3-7). 
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Figure 7 .  A schematic representat ion of t h e  magnetic l i n e s  

Of force projected upon a magnetic meridional plane 

a s  observed by Explorer 14 near l o c a l  midnight 

( a f t e r  Cahi l l  D9657). - 
Figure 8.  Schematic representat ion of t h e  outer  geomagnetic 

f i e l d  i n  t h e  equator ia l  plane along the  sun-earth 

l i n e  (after Obayashi p657).  - 
Figure 9 .  Measurements of low-energy pro;tons and e lec t rons  

i n  t h e  t r a n s i t i o n  region and i n  the  in t e rp l ane ta ry  

1 medium with a Faraday cup type instrument on IMP 1 

(after Bridge e t  a l .  /i9657). - 
Figure 10.  Summary of port ions of IMP 1 t r a j e c t o r y  during 

which a hot, near ly  i so t ropic  plasma f l u x  w a s  

observed (after Bridge et a l .  fig657). - 
Figure 11. Plo t  of low-energy e lec t ron  f l k e s  as a funct ion 

of geocentr ic  r a d i a l  dis tance ( a f t e r  Serbu D9657). - 
Figure 12. Coarse summary of low-energy charged p a r t i c l e  

observations.  Average pos i t ions  of t h e  magnetopause 

and t h e  shock a s  given by Ness 09657 have been 

included i n  t h e  diagram. 
- 

Figure 13. Summary of Explorer 14 observations of t h e  sharp 

termination of e l ec t ron  E > 40 keV i n t e n s i t i e s  a t  t h e  

sunward magnetopause and of t h e  i n t e n s i t y  ' sp ikes '  i n  

and near t h e  t r a n s i t i o n  region 

Van Allen D964b7) .  - 

E > 40 keV near t h e  e c l i p t i c  plane.  

( a f t e r  Frank and 

Figure 1 4 .  Coarse summary of the observations of e lec t rons  
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Figure 1 5 .  Summary of the observations of electron E > 40 keV 
intensities as a function of radial distance in the 
anti-solar direction. 

Figure 16. Coarse summary of the observations of electron 
E > 1.6 MeV intensities in the  magnetic equatorial 

plane. 
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